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ABSTRACT 
CUCUMBER MOSAIC VIRUS TRANSMISSION AND RESISTANCE IN 
Capsicum annuum L. 
May 1985 
John R. Cuevas, B.A., Harvard College 
M.S., University of Massachusetts 
Directed by: Dr. Clark W. Nicklow 
Ten selections of P.I. 28 64 19 and seven 
selections of P.I. 288941 were mechanically inoculated 
and tested, using indirect-ELISA, for the presence of 
CMV. Of those selections, seven selections of P.I. 
286419, and one selection of P.I. 288941, appeared to 
be systemically resistant. The progeny of these plants 
were similarly tested for CMV resistance. Sixty-two 
per cent of the P.I. 286419 progeny plants were 
resistant, with resistance among the selections varying 
from 47% to 86%. It was determined that these plants 
localized the virus in the inoculated leaves. The P.I. 
288941 progeny plants were not resistant. Definite 
conclusions as to the mode of inheritance could not be 
drawn on the basis of these results. 
The efficiency and reliability of aphid inocula¬ 
tion versus mechanical inoculation was compared. It 
was found that mechanical inoculation were more 
v 
effective than aphid inoculation. It was determined 
that Myzus persicae was not a reliable vector for the 
strain of CMV used. 
Five insect-leaf cage models were designed and 
constructed to facilitate the transfer of 20 or more 
viruliferous aphids at one time to enhance our ability 
to screen for cucumber mosaic virus (CMV) resistance in 
pepper. Aphid colonies did not establish themselves in 
the cages. None of the insect-leaf cage models was 
able to maintain aphids for longer than 30 days. It 
was determined that neither the cement used to 
construct cages. nor rubber cement, affected the 
aphids' ability to thrive. No reason was found for the 
failure of aphids to thrive in the cages. 
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CHAPTER I 
INTRODUCTION 
Cucumber Mosaic Virus (CMV) is a pathogen 
affecting a wide variety of crops in many states. When 
CMV infects peppers, symptoms include stunting, leaf 
necrosis, yellowing and ring spotting of the fruit. 
The per cent of marketable fruit declines rapidly as 
the virus progresses through the field. 
CMV has now become a serious problem for some 
Massachusetts growers. Some have been forced to make 
drastic cutbacks in their pepper production, while 
others have stopped growing peppers altogether. To 
date, there is no known resistance to CMV in sweet bell 
pepper (Capsicum annuum L.). A commercially acceptable 
with CMV resistance would be economically im- 
to pepper growers in Massachusetts and other 
variety 
po rtant 
states. 
1 
CHAPTER II 
LITERATURE REVIEW 
CMV was first described on cucumber by Doolittle 
(1) in 1916. Infected plants bore distorted fruits and 
yellow mottled leaves, symptoms which are characteris¬ 
tic of mosaic diseases. CMV is a virulent pathogen 
which attacks a wide range of crops, including peppers 
(2) . When peppers are infected with CMV, the plants 
are stunted and chlorotic, and exhibit necrotic spot¬ 
ting of leaves and fruit (3). Such fruit are not 
marketable. 
CMV occurs throughout the world, especially in 
temperate regions (2). Certain areas have had particu¬ 
lar problems with the disease. Among those areas are 
South Texas, New Jersey, Florida, Louisiana, Califor¬ 
nia, North Carolina, South Carolina (4), Southern Que¬ 
bec (5), Argentina (6), Puerto Rico (7) and Israel 
(8,9). In certain years CMV has been a serious problem 
in Massachusetts (10), as well as other pepper produ¬ 
cing areas of the world (3). 
Some studies have shown that resistance to CMV in 
Capsicum species does occur (11,12). There may be a 
need for inter-specific crosses to obtain resistance 
found in Capsicum frutescens. Barrios, et. a 1. (12), 
2 
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found resistance to CMV to be recessive in Capsicum 
frutescens, but they indicated that definite conclu¬ 
sions as to the mode of inheritance could not be drawn 
on the basis of their data. 
Dr. Paul G. Smith, by personal correspondence 
dated January 10, 1979, reports CMV resistance to be 
very confusing. "Out of certain lines, symptom-free 
plants could be obtained. When selfed, the progeny 
would yield 20-30% symptom-free plants, but even after 
2 or 3 more generations, the percentage of symptom-free 
plants could not be increased. Whether it was a virus 
strain problem, I do not know. Since many of the 
'resistant' parent plants had been graft inoculated, 
escape seems unlikely." 
Unfortunately there is no known resistance to CMV 
» 
in sweet bell peppers. Capsicum annuum. Research has 
shown that the green peach aphid, Myzus persicae, and 
other species of aphid as well, can transmit CMV while 
feeding and probing (1,13,14). However, aphid 
transmission is often erratic and unreliable (14). 
This becomes a problem in aphid-transmitted CMV resis¬ 
tance screening programs since it becomes impossible to 
tell whether a plant is truly resistant or has merely 
escaped infection. Hoggan (15), using CMV and Myzus 
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persicae, showed that the number of infected plants was 
directly related to the number of aphids used per 
plant. Unfortunately, the camel's hair brush technique 
is too cumbersome, and too time consuming, to use more 
than 5 aphids per plant when screening large numbers of 
plants. Honeyborne (16) has developed a clip-on insect- 
leaf cage which confines the aphids to a spot on a 
leaf. If Honeyborne's basic cage design could be modi¬ 
fied to facilitate the transfer of twenty or more 
aphids at one time, this might reduce the number of 
plants which escape infection, and thus greatly enhance 
a screening program using aphids as the virus vector. 
In order to reduce the spread of aphid-borne 
viruses in the field, several cultural practices have 
been developed to reduce aphid populations or activity. 
These include trapping the aphids on sticky polyethe¬ 
lene boards (17), use of oil sprays in the field (18), 
and the use of plastic or aluminum mulch (19). How¬ 
ever, since these practices still do not entirely era¬ 
dicate aphids or eliminate the incidence of CMV, Marco 
and Cohen (17) maintain that breeding for resistance 
should be the principal means of combating virus in 
peppe r. 
Several authors cite the ability of certain va¬ 
rieties of pepper to localize Tobacco Mosaic Virus 
5 
(TMV) (20,21,22), suggesting that a similar ability to 
localize CMV might exist. Isolating plants with the 
ability to localize CMV, if in fact such plants exist, 
would represent a significant step towards the develop¬ 
ment of a commercial variety of pepper with CMV resis¬ 
tance . 
Enzyme-linked immunosorbent assay (ELISA) is an 
important virological tool which has been used to study 
CMV (18,23). It is important because it is virus 
specific, thus enabling us to verify the presence of 
CMV, and also because it can detect minute quantities 
of virus, thus revealing virus presence in tissues 
which have not begun to show symptoms. 
CHAPTER III 
MATERIALS AND METHODS 
Design of Cages 
A cage which would facilitate the handling of 20 
or more aphids at one time could enhance the ability to 
screen for CMV resistance in pepper, using aphids as a 
vector. Thus, five different models of insect-leaf 
cages were constructed. 
Insect-Leaf Cage Model 1_ 
The wall of insect-leaf cage model 1 (ILC-1) was 
constructed from an 11 x 1cm strip of plastic cut from 
a plastic atomizer bottle. The ends of the strip were 
cemented together with 3M brand super strength house¬ 
hold cement to form a short cylinder. The top of the 
cage was cut, with sufficient area to cover the top of 
the cylinder, from a clear plastic report cover. A 7 
mm hole was punched out of the clear plastic disk using 
a standard hole puncher. This plastic disk was then 
cemented to the top of the cylinder, again using the 3M 
brand cement. The bottom of the cage was constructed 
by first cutting a nylon mesh disk, with sufficient 
area to cover the bottom of the cylinder, from standard 
nylon hosiery. A Goody brand hairclip was then opened 
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and the top of the clip was cemented to the nylon disk 
using 3M brand cement, such that the nylon was sand¬ 
wiched between the two arms of the hairclip. This 
assembly was then cemented to the bottom of the cylin¬ 
der with 3M brand cement, such that the bottom of the 
clip was able to move freely. Finally a size 0 cork 
was used to fill the hole punched out of the cage top 
(Figure 1). Three different versions of ILC-1 were 
made by using three colors of nylon: yellow, green and 
tan. 
Insect-leaf Cage Model 2 
Insect-leaf cage model 2 (ILC-2) was constructed 
similarly to ILC-1 except the bottom of the cage was 
constructed by stretching a piece of nylon mesh, using 
thumbtacks, and then cementing it to the bottom of the 
cylinder. The top of a hairclip was bent so that the 
clip could snugly embrace the top and bottom of the 
cage. A size 0 cork was used to fill the punched out 
hole (Figure 2). Three different versions of ILC-2 were 
made, each using a different color nylon: yellow, green 
and tan. 
Insect-leaf Cage Model _3 
Insect-leaf cage model 3 (ILC-3) was constructed 
similarly to ILC-1 except the bottom of the cage was 
constructed by cutting a disk of polyethylene mesh with 
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sufficient area to cover the bottom of the cylinder. 
This mesh had an opening size of 286 microns, large 
enough for a mature aphid's stylet but too small to 
allow nymphs to crawl through. The polyethylene disk 
was cemented to the bottom of the cylinder. The top of 
a hairclip was bent so that the clip would snugly 
embrace the top and bottom of the cage. A size 0 cork 
was used to fill the hole punched out of the cage top 
(Figure 3). 
Insect-leaf Cage Model 4 
Insect-leaf cage model 4 (ILC-4) was constructed 
similarly to ILC-1 except that a 7 mm hole was punched 
out of the wall with a standard hole puncher, and the 
top and bottom of the cage were constructed by cutting 
disks of polyethylene mesh to cover both ends of the 
cylinder. This mesh had an opening size o f 286 
microns. The polyethylene disks were then cemented to 
the top and bottom of the cylinder. The top of a 
hairclip was bent so that the clip would snugly embrace 
the top and bottom of the cage. A size 0 cork was used 
to fill the hole punched out of the cage top (Figure 
4) . 
Insect-leaf Cage Model 5 
The wall of insect-leaf cage model 5 (ILC-5) was 
constructed from a 14 x 1.5 cm strip of plastic cut 
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f rom a plastic cosmetic applicator bottle. An 11.5 x 
0.5 cm strip was then cut from the center of the larger 
strip, and a strip of polyethylene mesh was cemented 
over the area along the inner surface. The mesh had an 
opening size of 286 microns. The ends of the plastic 
strip were then cemented together with 3M cement to 
form a cylinder. The top of the cylinder was construc¬ 
ted by first cutting a disk of polyethelene mesh to 
cover the top of the cylinder and then cutting the disk 
4 mm to one side of the diameter. A plastic disk was 
then cut, with sufficient area to cover the top of the 
cylinder, and then the disk was cut 4mm to one side of 
the diameter. A 7 mm hole was then cut out of the 
larger piece of the plastic disk. The two larger 
pieces of the plastic and polyethylene disks were then 
cemented together to form a half mesh/half plastic 
disk. This was then cemented to the top of the cylin¬ 
der. The bottom of the cage was constructed by cutting 
a disk of polyethylene mesh with sufficient area to 
cover the bottom of the cylinder. The polyethylene 
disk was cemented to the bottom of the cylinder. The 
top of a hairclip was bent so that the clip would 
snugly embrace the top and bottom of the cage. Finally 
a size 0 cork was used to fill the hole punched out of 
the cage top (Figure 5). 
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Aphid Vector Studies 
The following experiments were conducted in an 
attempt to establish colonies of about 25 aphids per 
cage. The intent was to later use these caged colonies 
as CMV vectors in screening plants for CMV. 
Experiment 1. 
Three aphids, with no distinction as to whether 
they were winged or wingless, were arbitrarily selected 
and placed in each of nine ILC-ls. Three of the cages 
had yellow mesh, three had green mesh, and three had 
tan mesh. Aphids were transferred from a large colony 
feeding on pepper, cv California Wonder, and maintained 
at a constant temperature of 21 °C, and a constant 
daylength of 12 hours. Aphids were transferred using a 
camel's hair brush moistened with tap water. The 
aphids were gently introduced through the uncorked 
holes, and placed on the nylon mesh of each cage. The 
hole was then corked, and the cage clipped to the upper 
side of a pepper leaf, cv California Wonder, and placed 
in the growth chamber set at a constant 21 °C, and a 12 
hour daylength. The caged aphids were observed over 
several days for fecundity and mortality. 
Experiment 2 
Three winged aphids were arbitrarily selected and 
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placed in ea< rh of nine ILC-ls. Three of the cages had 
yellow mesh, three had green mesh, and three had tan 
mesh. Aphid source, transfer technique, environmen tal 
cond i t ions. and plant va r i e t ies were the same as i n 
experiment 1. 
Experiment 3 
Three wingless aphids were arbitrarily selected 
and placed in each of three ILC-2s. One cage had 
green, one cage had yellow, and one cage had tan co¬ 
lored mesh. Aphid source, transfer technique, environ¬ 
mental conditions, and plant varieties were the same as 
in experiment 1. 
Experiment A 
Ten wingless aphids were arbitrarily selected and 
placed in each of three ILC-2s. One cage had green, 
one cage had yellow, and one cage had tan colored mesh. 
Aphid source, transfer technique, environmental 
conditions, and plant varieties were the same as in 
experiment 1. 
Experiment 5 
Ten wingless aphids were arbitrarily selected and 
placed in each of three ILC-3s. Aphid source, transfer 
technique, environmental conditions, and plant varie¬ 
ties were the same as in experiment 1. 
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Experiment 6 
Twenty wingless aphids were arbitrarily selected 
and placed in each of three ILC-3s and three ILC-4s. 
Aphid source, transfer technique, environmental condi¬ 
tions, and plant varieties were as in experiment 1. 
Experiment 7 
Ten wingless aphids were arbitrarily selected and 
placed in each of three ILC-5s. Aphid source, transfer 
technique, environmental conditions, and plant 
varieties were as in experiment 1. 
Experiment £ 
Ten wingless aphids were arbitrarily selected and 
placed in each of three ILC-5s. Aphid source, transfer 
technique, environmental conditions, and plant varie¬ 
ties were as in experiment 1. 
In order to determine whether the volatile vapors 
of the 3M cement were negatively affecting the survival 
of the caged aphids, the following experiment was con¬ 
ducted . 
Experiment 9 
The inside of one small glass bottle, 3.5 cm in 
diameter and 7 cm deep, was swabbed with 3M cement and 
allowed to dry overnight. The inside of another bottle 
was similarly swabbed with rubber cement and also al- 
13 
lowed to dry overnight. Another bottle with nothing in 
it was set aside to be used as a control. 
Ten aphids were gently placed in each of the 
bottles using a camel's hair brush moistened in tap 
water. The top of each bottle was then covered with 
polyethylene mesh. The mesh was held in place with a 
rubber band, and had an opening size of 286 microns. A 
pepper leaf, cv California Wonder, still attached to 
its plant, was inserted through a small slit made in 
the mesh. Cotton was then used to plug up the slit 
around the leaf stem so aphids could not escape (Figure 
6). The aphids were observed over several days for 
fecundity and mortality. 
The following experiments were performed in an 
effort to compare the efficiency and reliability of 
aphid inoculation versus that of mechanical inocula¬ 
tion. 
Experiment 10 
Two varieties of pepper, cv California Wonder and 
Early California Wonder, along with 7 and 10 selections 
of P.1.288941 and P.1.286419 respectively, were seeded 
on 18 JUN 84. All of the selections were S2 progeny of 
plants showing resistance in a previous CMV screening 
by Paul pasko, except for 4 selections under P.I. 
14 
286419 which were S3, S4, S7, Sg. On 10 JUL 84, seed¬ 
lings of each variety were transplanted into 10cm pots 
containing a 1:1 mixture of soil and Pro-mix. On 18 
JUL 84 Pentac was sprayed at a rate of 0.75 ml/1 to 
control insects. On 26 JUL 84, Pentac and Mavrik, at 
rates of 0.75 ml/1 and 3.125 ml/1 respectively, were 
sprayed to control insects. The plants were then 
sprayed weekly with Pentac and Mavrik to control in¬ 
sects. On 6 AUG 84, the plants were fertilized with 
20N-8.7P-16.6K at a rate of 100 ppm N. The plants were 
then fertilized weekly at the same rate for the dura¬ 
tion of the experiment. 
On 14 AUG 84, aphids were arbitrarily selected 
and collected from the large colony, being maintained 
at a constant temperature and daylength, using a ca¬ 
mel's hair brush moistened in tap water. The aphids 
were placed in five test tubes, each containing about 5 
grains of Dry-rite (calcium chloride). Dry-rite was 
used to absorb excess moisture. About 100 aphids were 
placed in each test tube, and were separated from the 
Dry-rite by a cotton plug. The test tubes were sealed 
with Parafilm-M, and the aphids were starved overnight. 
On 15 AUG 84, five aphids were transferred to a 
pepper leaf, cv California Wonder, which had been ino¬ 
culated nine days prior and had begun to show mottling. 
15 
a symptom of CMV. Once the aphids were observed prob¬ 
ing the infected leaf, they were transferred to a leaf 
on one of the plants belonging to the four varieties 
being screened for resistance. This procedure was 
repeated until 5 plants from each variety had been 
inoculated in this manner. 
All transfers were done with a camel's hair brush 
moistened in tap water. On the following day, resme- 
thrin, at a rate of 1.32 ml/1, was sprayed killing the 
aphids. The plants were observed over several weeks 
for the development of CMV symptoms. 
Experiment 11 
On 18 SEP 84 California Wonder was seeded in 
vermiculite. One month later, seedlings were trans¬ 
planted into 10cm pots containing Pro-mix. On 2 NOV 84 
the plants were fertilized with 20N-8.7P-16.6K at a 
rate of 200 ppm N. The plants were then fertilized 
weekly at the same rate. 
On 12 DEC 84, pepper leaves, having been inocu¬ 
lated one week prior, were tested for virus crystal 
inclusions using the Azure A staining technique (24). 
This was done to make certain virus was present in the 
virus source leaf. The following day, using one leaf 
which had exhibited distinct virus crystal inclusions, 
fifteen of the California Wonder plants were aphid 
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inoculated in the same manner as that for experiment 
10. That leaf was then ground with 7 ml of K2HP04 
buffer (pH 7.6) in a mortar and pestle, in a 1 gm to 9 
ml ratio, to make an inoculum. Fifteen other Califor¬ 
nia Wonder plants were mechanically inoculated by dus¬ 
ting their leaves with 320-grit carborundum, and then 
swabbing the leaf surfaces three times with a Q-tip 
soaked in the inoculum. Once the inoculum was dry, the 
leaves were rinsed with tap water. All leaves, of 
comparable maturity, inoculated in this experiment were 
marked with an "X" for later identification. Fifteen 
other California Wonder plants were designated as heal¬ 
thy controls. Resmethrin at a rate of 1.32 ml/1 was 
sprayed after the inoculations to kill all the aphids. 
On 11 JAN 85 all leaves which had been either 
aphid or mechanically inoculated were collected. A 
single leaf was also arbitrarily selected and collected 
from each of the control plants. An indirect ELISA for 
CMV was performed, under the supervision of Dr. George 
N. Agrios (University of Massachusetts, Amherst), on 
sap from each of the collected leaves to determine 
whether or not CMV was present. 
Capsicum annuum Screening 
Experiment 12 
Two varieties of pepper, cv California Wonder and 
Early California Wonder, along with 7 and 10 selections 
of P.1.288941 and P.1.286419 respectively, were seeded 
on 18 JUN 84. All of the selections were S2 progeny of 
plants showing resistance in a previous CMV screening 
by Paul Pasko, except for 4 selections under P.I. 
286419 which were S3, S4, S7, Sg. On 10 JUL 84, seed¬ 
lings of each variety were transplanted into 10 cm pots 
containing a 1:1 mixture of soil and Pro-mix. On 18 
JUL 84 Pentac was sprayed at a rate of 0.75 ml/1 to 
control insects. On 26 JUL 84, Pentac and Mavrik, at 
rates of 0.75 ml/1 and 3.125 ml/1 respectively, was 
sprayed to control insects. The plants were then 
sprayed weekly with Pentac and Mavrik to control in¬ 
sects. On 6 AUG 84, the plants were fertilized with 
20N-8.7P-16.6K at a rate of 100 ppm N. The plants were 
then fertilized weekly at the same rate for the dura¬ 
tion of the experiment. 
On 14 AUG 84, five plants from each variety or 
selection were mechanically inoculated by dusting all 
the leaves with 320-grit carborundum and swabbing the 
leaves with cheesecloth soaked in an inoculum made from 
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CMV infected squash ground in a mortar and pestle with 
K2HPO4 buffer (pH 7.6) in a lgm to 9ml ratio. Once the 
inoculum was dry, the leaves were rinsed with tap 
water. 
The plants were observed over several weeks for 
the development of CMV symptoms. Those plants which 
did not develop CMV symptoms were tested for CMV con¬ 
tent using the indirect ELISA. 
Experiment 13 
On 19 NOV 84, seed from the eight non-systemical- 
ly infected plants, which were inoculated in experiment 
12, were seeded in vermiculite along with California 
Wonder seed. On 17 NOV 84, the plants were trans¬ 
planted into 15 cm pots containing Pro-mix. On 3 JAN 
85, the plants were fertilized using 20N-8.7P-16.6K at 
a rate of 200 ppm. The plants were then fertilized 
weekly at the same rate. A one time treatment with 
Malthion and Orthene, at a rate of 2.64 ml/1 and 1.32 
ml/1 respectively, was applied to control insects. 
On 30 JAN 85, fifteen progeny plants for each of 
the 8 non-systemically infected parents and cv Califor¬ 
nia Wonder, were inoculated by dusting all their leaves 
with 320-grit carborundum and swabbing three times with 
a Q-tip soaked in inoculum made by grinding CMV infec¬ 
ted squash in a mortar and pestle with K2HPO4 buffer 
19 
(pH 7.6) , in a lgm to 9ml ratio. Once the inoculum was 
dry, the leaves were rinsed with tap water. Five 
progeny plants, for each of the 8 non-systemically 
infected parents, and cv California Wonder were desig¬ 
nated as healthy controls. 
Plants were observed for the development of CMV 
symptoms over several weeks. On 1 MAR 85, leaves were 
collected for an indirect ELISA. Each plant's inocu¬ 
lated leaves were collected and pooled. Each plant's 
new growth was similarly collected and pooled. Leaves 
were also collected and pooled from each of the control 
plants. An indirect ELISA was performed on these 
samples on the week of 4 MAR 85, to determine whether 
or not virus had been present in the inoculated leaves 
and/or the new growth. 
CHAPTER IV 
RESULTS 
Aphid Vector Studies 
Experiment _1 
In these experiments aphids died in about 2 to 3 
days without food. Therefore, an aphid which survived 
for longer than that in an insect-leaf cage would have 
had to have probed and fed through the leaf cage mesh. 
In this experiment only one aphid remained alive after 
six days in one yellow meshed ILC-1 (Table 1). Al¬ 
though one aphid did survive, proving that aphids could 
probe and feed through the mesh, the fact that 26 out 
of the 27 aphids died suggested that for the most part 
they did not do so in ILC-1, or that there was some 
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overlooked mortality factor. Since the aphid which did 
survive was winged, the experiment was repeated in 
experiment 2, using only winged aphids. 
Experiment 2 
Eleven days after having been placed in ILC-ls, 
none of the winged aphids remained alive (Table 2). 
The winged aphids seemed to have no survival advantage 
over the wingless aphids in ILC-1. It was thought that 
perhaps the openings in the nylon mesh were so small 
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that the aphids could not detect the underlying leaf, 
and therefore did not probe through the mesh. 
Therefore ILC-2s were constructed in the hope that the 
larger openings would promote aphid feeding and 
survival. 
Experiment 3 
Eight days after having been placed in ILC-2s, 
none of the aphids remained alive (Table 3). It was 
thought that perhaps the aphids were suffering from 
some sort of transfer shock which resulted in a high 
mortality rate. To compensate for this, the experiment 
was repeated in experiment 4, using ten aphids per ILC- 
2, in the hope that sufficient aphids would survive to 
form the nucleus of a new colony. 
Experiment 4 
Three days after having been placed in ILC-2s, a 
change in the populations of each cage was noticed. In 
the yellow, green and tan meshed ILC-2s, there were now 
6, 2, and 6 winged aphids, respectively. Only wingless 
aphids had been placed in the cages, therefore these 
aphids had to have been born within the cages. 
Unfortunately, only one wingless aphid in the green 
meshed cage remained alive. The rest had died (Table 
4). One day later, several small nymphs were noticed 
directly beneath the ILC meshes. Since there were no 
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aphids outside the cages, this observation suggested 
that these nymphs had been borne by aphids inside the 
cages, and had managed to crawl through the mesh, and 
onto the leaf. Although the new winged aphids seemed 
to be surviving within the cages, the fact that the 
nymphs were able to crawl out of the cage meant that a 
sizable population could not be established within the 
cage. Therefore the design for ILC-2 was abandoned. A 
new cage was developed, ILC-3, using a polyethylene 
mesh with openings large enough for a mature apphid to 
feed, but too small for a nymph to crawl through. 
Experiment 5_ 
Three days after ten aphids had been placed in 
each ILC-3, 2 aphids remained alive in each cage. Two 
days later the aphids were still alive and had given 
birth to one winged aphid. Five days later however, 
all of the original aphids had died leaving only the 
new winged individual (Table 5). It was thought that 
perhaps the microenvironment within ILC-3 was too humid 
and so ILC-4 was developed with mesh on both sides in 
the hope of improving ventilation and aphid survival. 
Since the mortality rate still seemed high, twenty 
aphids were used per ILC-3 and ILC-4 in experiment 6. 
Experiment 6^ 
Seven days after twenty aphids were placed in 
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each ILC-3, only 6, 3, and 2 aphids remained alive in 
each of the cages (Table 6). Unfortunately the mesh on 
top of ILC-4 restricted visibility sufficiently to make 
an accurate count of surviving aphids impossible 
without grossly disturbing the cages. Nevertheless, it 
did seem that some aphids had survived in ILC-4. 
Within another week, however, all the aphids in all the 
cages had died. Neither ILC-3, nor ILC-4, proved bet¬ 
ter than the other. Also, twenty aphids per cage 
seemed to have fared no better than ten aphids per 
cage. In one last attempt ILC-5 was developed. Its 
design was meant to maximize ventilation. 
Experiment 1_ 
Two days after ten aphids were placed in each of 
three ILC-5s, all the aphids remained alive. Thirteen 
days later, 6 aphids remained alive in each cage. 
Twelve days later only two aphids remained alive in one 
of the cages (Table 7). No nymphs were born in these 
cages. Although the aphids survived longer in these 
cages than the previous designs, all the aphids even¬ 
tually died. Since ILC-5 was designed to increase 
ventilation, and the aphids had indeed fared better 
than in the previous cages, it was thought that perhaps 
the increased ventilation had succeeded in wafting away 
harmful volatile gases arising from cement which held 
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the cages together. Experiment 9 was designed to test 
this hypothesis. 
Experiment 8 
At the suggestion of Charles Brodel, of the Uni¬ 
versity of Massachusetts Cranberry Station, who had 
some experience working with aphids, experiment 7 was 
repeated, this time using 16 hour daylengths. Six days 
after ten aphids had been placed in each of three ILC- 
5s, only 4 and 7 aphids remained alive in two of the 
cages. Within one month all of these aphids had died, 
never having borne nymphs (Table 8). Changing the 
daylength had no effect on aphid mortality. All at¬ 
tempts at establishing a caged colony of aphids had 
failed. 
Experiment 9 
Fifteen days after two aphids had been placed in 
each bottle, all the aphids were thriving and producing 
nymphs under all three treatments. Neither 3M cement 
nor rubber cement seemed to have an effect on aphid 
mortality. No reason was found for the failure of 
aphids to thrive in the insect-leaf cages. 
Expe riment 10 
The plants were observed for stunting and mot¬ 
tling, characteristic symptoms of CMV infection in 
pepper. Twenty days after inoculation only two selec- 
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tions of P.1.286419 became systemically infected with 
CMV (Table 9). None of the aphid inoculated California 
Wonder nor the Early California Wonder became infected, 
however all of the mechanically inoculated California 
Wonder and Early California wonder became infected. 
All the uninoculated controls were healthy. These 
results suggested that aphid inoculation was unreli¬ 
able. With respect to a screening program for resis¬ 
tance to CMV, it would be impossible to differentiate 
between those plants which had merely escaped infection 
and those which were truly resistant. Experiment 11 
was designed to determine whether the camel's hair 
brush transfer technique of aphid inoculation was a 
reliable way to transmit this strain of CMV to pepper. 
A known-to-be-susceptable variety of pepper, cv Cali¬ 
fornia Wonder, was used as the test plant. 
Experiment 11 
The indirect ELISA showed that only three of the 
aphid inoculated leaves, each on separate plants, deve¬ 
loped CMV infections. In contrast, thirteen of the 
fifteen mechanically inoculated leaves, each on sepa¬ 
rate plants, had been infected with CMV. No virus was 
detected in any of the uninoculated controls (Table 
10). Therefore, Myzus persicae appears to be an unre¬ 
liable vector for this strain of CMV, in screening 
26 
programs designed to assess CMV resistance in pepper. 
Capsicum annuum Screening 
Experiment 12 
Forty days after mechanical inoculation, 8 plants 
remained free from systemic infection, although many of 
their inoculated leaves were mottled and chlorotic or 
had dropped. These plants were said to be locally 
infected: P.I. 286419 A2, A3, A4, IA5, IIA5, IA6, IIA6, 
and P.I. 288941 Cl (Table 11). All of these selections 
were S2. Indirect ELISA detected CMV in the inoculated 
leaves of P.I. 286419 A3, A4, IA5, and IA6, but not in 
the new growth. Indirect ELISA detected no virus in 
P.I. 286419 A2, IIA5, IIA6, and P.I. 288941 Cl (Table 
12) . 
Experiment 13 
Indirect ELISA determined that sixty-two per cent 
of p.l. 286419 remained free from systemic infection, 
thirty one days after inoculation (Table 13). All of 
these selections were S3. Certain selections did bet¬ 
ter than others. P.I. 286419 selections A4 and A2 did 
the best with 86% and 80% systemically resistant 
plants, respectively. P.I. 286419 selections A3, IA5, 
11A5, IA6, and IIA6 had 47%, 64%, 53%, 55%, and 57% 
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systemically resistant plants, respectively. Virus was 
detected in all the inoculated leaves. Only 13% of the 
Early California Wonder plants, and the P.I. 288941 Cl 
plants, remained free from systemic infection. These 
data suggest that there is some degree of systemic CMV 
resistance in these selections of P.I. 286419, but none 
in the one selection of P.I. 288941. The resistance 
seems to based on an ability to localize CMV in inocu¬ 
lated leaves, since virus was consistently found in the 
inoculated leaves of plants which remained otherwise 
virus-free. 
CHAPTER V 
Discussion 
Aphid Vector Studies 
The Insect-Leaf Cages 
The insect-leaf cages used in these experiments 
were not able to sustain aphid colonies. In each 
experiment many aphids died within a few days of being 
placed in their cages. The rest would usually die 
within two weeks. Few nymphs were born to aphids 
within the cages. Nymphs which were born within cage 
#2 were able to crawl out of the cage through the mesh 
openings. Otherwise, nymphs, whether winged or 
wingless, also died in the cages without growing or 
giving birth to a second generation. 
Aphids survived the longest in ILC-5, but also 
eventually died. Although it was suspected that the 
cement used to construct the cage may have emitted 
volatile vapors harmful to the aphids, experiment 9 
showed that any such vapors did not affect aphid morta¬ 
lity nor fecundity. It is possible, however, that the 
plastic used to construct the cages was toxic to the 
aphids. Adams and VanEmden (25) warn that this might 
be true for some plastics. Further research would have 
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to be conducted to determine if this was true for the 
plastics used in these cages. 
High humidity was also thought to be a possible 
cause for poor aphid performance in ILCs 1, 2, and 3. 
Aphids are attacked by a fungus, a species of Ento- 
mophthoraceae, when humidity is 80% or greater (26). 
Indeed some dead aphids were observed to be pierced 
with spore laden hyphae. ILCs 4 and 5 incorporated 
more mesh into their design in the hope of increasing 
ventilation and thereby decreasing humidity. Aphids in 
ILC-5, which would seem to have been the best venti¬ 
lated cage, did survive longer than in any other ILC. 
However it is not possible to conclude from this work 
that a decrease in humidity allowed the aphids to 
survive longer. If the cage plastics produced harmful 
volatile vapors, the aphids' longer survival may have 
been due to the ability of the vapor to volatize and 
thereby escape the better ventilated cage. 
An insect-leaf cage with mesh between the aphids 
and the food source had never been tried before. A 
similar design, without mesh, which merely confined the 
aphids to an area on a leaf, was used by Honeyborne in 
1969 (16). Honeyborne used the plastic from a centri¬ 
fuge tube to form the walls of his cage. The ILCs 
developed for this thesis were designed to facilitate 
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the transfer of 20 aphids or more, by incorporating 
a mesh which would allow the aphids to feed while 
enabling all the aphids at one time to be picked up and 
transferred to another plant. 
Vector Efficiency and Reliability 
The aphids in expe r i mi en t s 10 and 11 did not 
transmit CMV eff ic iently and rel i. ably . This was cu- 
rious s ince Pas ko (3) was able to use aphids to 
transmit CMV to peppers. Normand and Pirone (27) found 
that certain strains of CMV were readily transmitted by 
Myzus persicae, while other strains were not. In some 
of their experiments, CMV was readily transmitted for 1 
to 3 days, after which it was not transmitted at all. 
Although the CMV strains used by Pasko and in experi¬ 
ments 10 through 13 were obtained from Dr. George N. 
Agrios (University of Massachusetts, Amherst) and 
thought to be the same, in fact they may have been 
different. Strain specific tests would have to be 
performed to determine whether or not the CMV strain 
used for this thesis, and the strain used by Pasko were 
the same. If they were not the same, it is possible 
that the strain used for this thesis was not Myzus 
persicae transmissible. 
Badami (28) found that a strain of CMV isolated 
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from a spinach plant in 1946, lost its ability to be 
transmitted by Myzus persicae in 1955. It is possible 
that Badami's strain mutated, making transmission by 
aphids more difficult. Dr. Agrios' strain of CMV may 
have mutated in the time between Pasko's work and these 
experiments. Although this would help explain the 
results from experiments 10 and 11, the results are 
not evidence of an actual mutation in the virus. 
If such a mutation occurred I suspect that it 
occurred in a gene which affects the virus' protein 
coat. Gera (29) found that the protein coats of two 
strains of CMV affected their transmission by Aphis 
gossypii. Gera's paper sheds some light on Normand and 
Pirones's work, and may reveal the reason Badami's 
strain lost its ability to be transmitted by Myzus 
persicae. 
In the future, research should be conducted with 
different strains of CMV and different varieties of 
aphids, simultaneously, to assess the relative 
transmissibility of the various strains, and to estab¬ 
lish a base of comparison which would help determine 
whether or not an actual mutation had occurred. 
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Capsicum annum Screening 
Localization response 
Experiments 12 and 13 found that CMV was lo¬ 
calized in the inoculated leaves of certain selections 
of P.I. 286419. Those selections remained otherwise 
virus-free. Holmes (22) found that TMV was localized 
in the leaves of certain varieties of Tabasco pepper, 
Capsicum frutescens. Those leaves eventually abscised. 
The results from experiments 12 and 13 are different 
from Holmes' results because the leaves, for the most 
part, did not abscise. The P.I.'s response suggests an 
ability to inhibit the movement of CMV throughout the 
plant. This is distinct from a hypersensitivity 
response. 
Resistance to CMV has also been documented by 
Barrios (12) and Webb (11) in LP-1 and P.I. 250771, 
respectively. The resistance they described, however, 
is better classified as tolerance since they detected 
CMV in uninoculated tissues although the plants re¬ 
mained symptom-free. Therefore it is thought that this 
thesis puts forth the first evidence of a systemic 
resistance to CMV in Capsicum annuum. 
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Inhe ritance 
The inheritance of this systemic CMV resistance 
in Capsicum annuum is confusing. Dr. Paul G. Smith, by 
personal correspondence, and Barrios, et, al. (12) have 
also found that resistance in Capsicum frutescens is 
confusing. Definite conclusions as to the mode of 
inheritance could not be drawn from their experimental 
data. 
Pepper plants are self-pollinating. The plants 
used in experiment 12 were presumably S2 progeny of 
plants which had shown resistance. However when those 
eighty-five plants were mechanically inoculated, only 
eight individual plants, representing six selections, 
seemed to be non-systemically infected. Presuming that 
the selected S2S were homozygous, the results are 
difficult to explain. 
It was possible, however, that insects cross- 
pollinated the S^ parents of these plants, thereby 
creating new hybrids and not S2s. Since the greenhouse 
in which the parents were maintained was not 
screened, cross-pollination of the parents which 
had segregated out was a distinct possibility. This 
could explain why the presumed S2S did not respond to 
being inoculated with 100% resistance. 
even if the so called S2S were Nevertheless, 
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indeed hybrid, the results still do not make sense. If 
we adopt a single dominant or recessive gene hypothe¬ 
sis for the expression of systemic resistance, the 
approximate 1:1 ratios of resistant to susceptible 
plants for the S3 P.1.286419 selections A3, IA5, IIA5, 
IA6, and IIA6 do not conform to the expected ratios of 
3:1. 
The fact that S3 p.l. 286419 selections A2 and A4 
were close to 100% resistant suggests that the Sj 
parents of these plants were selfed, and eventually 
gave rise to homozygous S3S. However, the fact that 
these two S3 selections were not 100% resistant sug¬ 
gests two possibilities: one, that a small degree of 
cross pollination did occur, thus tainting the lot of 
seed, or two, that the resistance conferred by the gene 
is not always effective. The expression of resistance 
may be affected by environmental or other factors, 
perhaps specific to each plant. Shimomura (30) found 
that when Nicotiana glutinosua or Tabacum was inocu¬ 
lated with tobacco mosaic virus (TMV) on its lower 
leaves and was kept at 22 °C, TMV did not move from the 
inoculated leaves to the upper parts of the plant, but 
when the plant was kept at 30 °C after inoculation TMV 
moved rapidly from the inoculated leaves to other parts 
of the plant. Thus it can be seen that the environment 
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may well play a part in the expression of resistance. 
It is possible that systemic CMV resistance is 
conferred not by a single dominant or recessive gene, 
but rather by being hybrid. If this is true, then the 
approximate 1:1 ratios of resistant to susceptable S3 
P.I. 286419 selections A3, IA5, IIA5, IA6, and IIA6, 
from experiment 13 make sense, if indeed the pa¬ 
rents were cross-pollinated resulting in hybrid "S2n 
progeny. Unfortunately the close to 100% resistance of 
S3 P.I. 286419 selections A2 and A4 in experiment 13 do 
not substantiate this. 
Overall the inheritance of this non-systemic CMV 
resistance in Capsicum annuum is confusing, and 
conclusions as to the mode of inheritance cannot be 
drawn from these results. 
In order to further study the mode of inheri¬ 
tance, the plants from experiment 13, exhibiting syste¬ 
mic CMV resistance should be selfed, and isolated from 
possible sources of cross-pollination. This should be 
done for several generations, while screening each 
generation for systemic resistance to CMV and selfing 
only those which exhibit resistance. Temperatures 
should be carefully recorded since the expression of 
resistance may be dependent on the environment. Close 
attention should be paid to any evidence of segregation 
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as this should provide a clue as to the mode of inheri¬ 
tance . 
Hopefully a selection with 100% systemic CMV 
resistance will be isolated in this manner. Once this 
happens the selections should be crossed with CMV sus¬ 
ceptible varieties, and their progeny mechanically 
inoculated with CMV and tested for virus presence using 
ELISA. The ratios of resistant to susceptible plants 
arising from those crosses should conclusively deter¬ 
mine the mode of inheritance for systemic CMV 
resistance, providing that the resistance conforms to 
the classical concepts of gene expression and does not 
involve any complicated mechanics such as would be the 
case if transposons were somehow affecting the expres¬ 
sion of resistance. 
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Table 1: Number of surviving aphids, out of three 
aphids placed in each insect leaf cage 
model 1, after 6 days. 
Temperature constant at 21 °C. 
Daylength constant at 12 hours. 
Cage Rep # 
Nylon Mesh Color 
Yellow Green Tan 
1 
2 
3 
1 
0 
0 
0 
0 
0 
0 
0 
0 
Table 2: Number of surviving winged aphids, out of 
three placed in each insect leaf cage 
model 1, after 11 days. 
Temperature constant at 21 °C. 
Daylength constant at 12 hours. 
Nylon Mesh Color 
Cage Rep # YeTTow Green Tan 
1 0 0 0 
2 0 0 0 
3 0 0 0 
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Table 3. Number of surviving aphids, out of three 
aphids placed in each insect leaf cage 
model 2, after 8 days. 
Temperature constant at 21 °C. 
Daylength constant at 12 hours. 
Nylon 
Yellow 
Mesh Color 
Green Tan 
0 0 0 
Table 4: Number of aphids in insect leaf cage model 
2, 3 days after 10 wingless aphids were 
placed in each. 
Temperature constant at 21 °C. 
Daylength constant at 12 hours. 
Aphid type 
Nylon Mesh Color 
Yellow Green Tan 
Winged 6 2 6 
Wingless 0 1 0 
Dead 10 9 10 
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Table 5: Number of aphids in insect leaf cage model 
3, after 10 wingless aphids were placed in 
each. 
Temperature constant at 21 °C. 
Daylength constant at 12 hours. 
Cage Number 
Time/Aphid type 1 2 3 
After 3 days/ 
Winged 0 0 0 
Wingless 2 2 2 
Dead 8 8 8 
After 5 days/ 
Winged 0 1 0 
Wingless 2 2 2 
Dead 8 8 8 
After 10 days/ 
Winged 
Wingless 
Dead 
0 
0 
10 
0 
1 
10 
0 
0 
10 
After 11 days/ 
Winged 0 0 0 
Wingless 0 0 0 
Dead 10 10 10 
Table 6: Number of surviving aphids, out of twenty 
placed in each insect leaf cage model 3. 
Temperature constant at 21 °C. 
Daylength constant at 12 hours. 
Time 
Cage Number 
1 2 3 
After 7 days 6 3 2 
After 14 days 0 0 0 
Table 7: Number of surviving aphids, out of 10 
placed in each insect leaf cage model 5. 
Temperature constant at 21 °C. 
Daylength constant at 12 hours. 
Time 
Cage Number 
1 2 3 
After 2 days 10 10 10 
After 15 days 6 6 6 
After 27 days 2 0 0 
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Table 8: Numbers of surviving aphids, out of 10 
placed in each insect leaf cage model 5. 
Temperature constant at 21 °C. 
Daylength constant at 16 hours. 
Cage Numbe r 
Time 1 2 3 
After 6 days 4 7 0 
After 30 days 0 0 0 
Table 9: Number of plants, out of 5, exhibiting CMV 
symtoms 20 to 21 days after inoculation. 
Temperatures ranged f rom 10 °C to 37 °C. 
Pepper Variety Control3 Mechanical^3 Aphidc 
Early CalWonder 0 5 0 
California Wonder 0 5 0 
P.I. 288941 Cl 0 5 0 
C2 0 5 0 
C3 0 5 0 
C6 0 5 0 
C7 0 5 0 
C8 0 5 0 
P.I. 286419 A1 0 4 0 
A2 0 5 1 
A3 0d 5 1 
A4 0 5 0 
A5 0 5 0 
A6 0 4 0 
P.I. 286419 F3 _e 4d 0 
F4 0 5 0 
F7 0 5 0 
F8 0 5 0 
f*Not inoculated. 
^Mechanically inoculated 21 days prior. 
JtAphid inoculated 20 days prior. 
d0ut of 4 plants. 
eNo Controls. 
Table 10: Results of indirect ELISA for CMV presence 
in leaves, 33 days after having been inoc¬ 
ulated. Temperature remained relatively 
constant at 24 °C. 
Plant # Control3 Mechanicald Aphidc 
1 _d +e 
2 - +■ - 
3 — + — 
4 — 
5 - + - 
6 + — 
7 — _f — 
8 - + - 
9 - + - 
10 — — - 
11 — + - 
12 — + 
13 — + — 
14 — + — 
15 + 
TOTALS: 15" 2",13 + 12",3+ 
aNot inoculated. 
^Mechanically inoculated. 
cAphid inoculated. 
dNegative/No CMV present. 
ePositive/CMV present. 
~An escape. 
Taoie 11: Number of plants out of 5 exhibiting CMV 
symptoms 40 days after inoculation. 
Temperatures ranged from 10 °C to 37 °C. 
Pepper Variety Control3 
A 3 
Mechanical^ 
A 3 
Early CalWonder 0 0 5 0 
California Wonder 0 0 5 0 
P.I. 288941 Cl 0 0 4 1 
C2 0 0 5 0 
C3 0 0 5 0 
C6 0 0 5 0 
C7 0 0 5 0 
C8 0 0 5 0 
P.I. 288419 A1 0 0 5 0 
A2 0 0 4 1 
A3 0C 0C 4 1 
A4 0 0 4 1 
A5 0 0 3 2 
A6 0 0 3 2 
P.I. 286419 F3 _d _d 4C 0 
F 4 0 0 5 0 
F7 0 0 5 0 
F8 0 0 5 0 
A: Number of plants showing systemic infection. 
B: Number of plants showing local i zed infection • 
3Not inoculated. 
^Mechanically inoculated. 
^Out of four plants. 
^Ho controls. 
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Table 12: Results of indirect ELISA for CMV presence 
in inoculated leaves and new growth, 40 
days after inoculation. 
Temperatures ranged from 10 °C to 37 °C. 
I 
Plant Selection Inoculated Leaves New Growth 
P.I. 286419 A2 
A3 +b 
A4 + 
IA5 + 
IIA5 
IA6 + 
IIA6 
P.I. 288914 Cl 
^Negative/CMV not present. 
bPositive/ CMV present. 
Table 13 : Results of indirect ELISA for CMV presence 
in tissues of 15 plants, the progeny of 
each selection, 31 days after inoculation. 
Temperatures ranged from 16 °C to 37 °C. 
Plant Inoculated Leaves New Growth Controls 
Selections 
E.CalWonder 4- 4- 4- 4- 4- 4- 4- _b 4- - - 4-C4-C- 
4- + + 4- 4- 4- 4- 4- 4- 4- 
[ 2-/15] d + + 4- 4- 4- 4- - 4> 4- 4- 
P.1.286419 4- 4- 4- 4- 4- 
* 
A2 ■f 4- 4- 4- 4- - - - 4* - 
[12-/15] + 4- 4- 4- 4- 4- — - — — 
+ + 4- 4- 4- 4- 4- 4- — — — — 
A3 4- 4- 4- 4- 4- - 4- - 4- 4- 
[7-/15] 4- 4- 4- 4- 4- 4- 4* — 4- — 
4- + 4- _ 4- — 4- 
A4 4- 4- 4- 4- 4- 4- - - 4- - 
[12-/14] 4* 4- 4- 4- 4- 4- 4- — 4- — 
+ 4- 4- 4- — 
IA5 + 4- 4- 4- 4- 4- - 4- 4- - 
[9-/14] + 4- 4- 4- 4- 
•+ 4- 4- 4- 4- — 4* 4- 4- + - - - - - 
IIA5 + 4- + 4- 4- 4- - 4- 4- - 
[8-/15] + 4- 4- 4- 4- 
+ 4- 4- 4- 4- 4- — — 4- 4- - - - - - 
1-IA6 4- 4- 4- 4* - 4- 4- - 4- 
[6-/15] + + 4- 4- 4- — — 4- 4- 4- 
+ 4- 4- 4- 4- 
2-IA6 - 4- 4- 4* 4- 
[10-/14] 4- 4- 4- 4- 4- — + 4- 4- • 
+ 4- 4- 4- 4- — 4- 
IIA6 4- 4- - 4- 4- 4- - - 4- - 
[8-/14] + 4- 4- 4- 4- 4- 4- • 4- 
P.1.288941 4- 4- 4- 4- 4- 4- 4- 4- - 4- - - - - - 
Cl + 4- 4- 4- 4- 4- 4- 4- 4- 4- 
[2-/15] 4- 4- 4- 4- 4- 4- - 4- 4- 4- 
aPositive/CMV present. 
bNegative/CMV not present. 
cPositive control readings may have been due to 
contamination. 
of new growth negatives/# of inoculated leaf 
positives. 
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Fig. 1: Insect-leaf Cage Model 1. 
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Fig. 2: Insect-leaf Cage Model 2. 
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Fig. 3: Insect-leaf Cage Model 3. 
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Fig. 4: Insect-leaf Cage Model 4. 
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Fig. 5: Insect-leaf Cage Model 5. 
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Fig. 6: Experiment 9 

